SUMMARY A new sensitive nitrite test, the SRN test, was evaluated for its suitability as a reliable screening technique for the detection of bacteriuria. The SRN test was compared to a currently available nitrite test, the Microstix nitrite test, and the results obtained with both nitrite tests were assessed in comparison with the results of the quantitative culture method. Of 158 cases of significant bacteriuria found among 1060 randomly collected specimens, the SRN test detected 90% and the Microstix nitrite test, 30 %. The higher reliability of the SRN test reflects its high capability of nitrite detection () 01 ppm), and its ability to overcome interference by various factors, such as dark colour of the urine, presence of phenazopyridine, urobilinogen, blood, high concentration of ascorbate, and high urinary pH, all of which do interfere with the Microstix nitrite test. The high sensitivity of the SRN test allows detection of bacteriuria in urine specimens collected at random throughout the day; the test is therefore not restricted to the use of first-morning samples as are other nitrite tests. Since the SRN test was found to give a quantitative indication of the size of the bacterial population, the possibility of its use as an exact quantitative test under controlled conditions is discussed.
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The quantitative urine culture is the most reliable way of diagnosing urinary tract infection (UTI).' However, the high cost, the need for trained personnel, the inconvenience of collecting clean-voided specimens, and especially the need to treat the symptomatic patient immediately limit its routine use in office practice.
A simple screening test for bacteriuria, if rapid, accurate, and inexpensive would be of great advantage in the routine diagnosis of UTI. In addition, the availability of such a test would encourage screening programmes for asymptomatic populations with a high risk of developing UTI, such as pregnant women,2 3 diabetics,45 children,6 premature infants,7 and patients with catheterisation of the urinary tract. 8 A number of rapid screening tests-culture procedures,9 10 chemical tests" and combinations of the two methods" 12-have recently become available. Of the chemical methods, the nitrite test appears to be the most commonly used, and it has recently appeared on the market in a variety of forms.'3- '6 The nitrite tests are based on the ability of enteric Gram-negative bacteria, the commonest pathogens ofthe urinary tract,17 to reduce dietary-derived nitrate Accepted for publication 19 The sensitivities of the SRN and Microstix tests were also compared as follows: urine samples, obtained from healthy men, to which increasing amounts of nitrites had been added were tested with both nitrite tests. The tests were carried out on both light and dark coloured urine so that the effect of the natural colour of the urine on the detection ability of the tests could be evaluated. Possible interference factors12 14 22 which may be present in the urine were tested for their effect on the SRN test: nitrite-free urine samples with macroscopic haematuria or containing phenazopyridine, bilirubin, abnormally high concentration of urobilinogen (4-12 mg/dl), or ascorbic acid (10-100 mg/dl), to which nitrite had been added were tested with the SRN test, and its detection limit was determined.
The effect of urinary pH on the sensitivity of both nitrite tests was studied in nitrite-free urine specimens, obtained fromhealthypersons. These specimens had been adjusted to various pH levels ranging from 4 to 9. Various amounts of nitrite were added to each sample and the detection limits of the SRN and Microstix tests were determined. URINE 
CULTURES
The conventional urine culture was used as the reference method. A 0.1 ml sample of each original specimen and 0 1 ml aliquots of serial dilutions of the specimen in sterile saline were plated on MacConkey's agar. Colonies were counted after an overnight incubation at 37°C. Urine specimens with > 105 bacteria/ml were considered as showing significant bacteriuria.23 Pathogens in the bacteriuric specimens were identified as a routine procedure by the Central Laboratory of the General Labor Federation Clinic.
URINARY NITRATE
Urinary nitrate was determined quantitatively by the Szechrome NAS method:24 a 0 5 ml urine sample (containing 2 to 20 ppm NO3-) was mixed with 5 ml of the NAS reagent. The violet colour which develops is stable for at least an hour and the nitrate concentration is determined colorimetrically (A max 570 nm).
URINARY pH
The pH of the urine was determined with a PHM 62 standard pH meter.
Results
Of the 158 samples with significant bacteriuria 143 cases were detected with the SRN test (sensitivity of 90%), whereas only 50 cases were discerned by the Microstix test (sensitivity of 26 to 34 %). The specificity of the SRN test was 99 3-99-5 % (three falsepositives-that is, positive nitrite assay in urine with < 105 bacteria/ml-in each of the series) as opposed to 99 9% for the Microstix test. The nitrite test was consistently negative at bacterial concentrations < 105 bacteria/ml.
Ninety-seven per cent of the bacteriuric cases were caused by enteric Gram-negative bacilli-that is, nitrate-reducing organisms ( Table 2 ). The ability of the SRN test to detect bacteriuria in these cases was higher than that of the Microstix both for 105 bacteria/ml and for higher bacterial concentrations, irrespective of the bacterial species. Three per cent of the bacteriuric specimens in the study contained Gram-positive cocci; this figure is in keeping with that usually found in the general population.17 In these cases, bacteriuria was not discerned by either of the two nitrite tests, since these organisms do not reduce nitrate.25
The relation between the frequency of falsenegatives in the nitrate-reducing bacteriuric specimens and the size of bacterial population (Table 3) shows that with the SRN test false-negatives were found only at the threshold concentration of significant bacteriuria. At higher bacterial concentrations the SRN test did not "miss" any case of bacteriuria. The Microstix test, however, did not discern any of the bacteriuric cases with 105 bacteria/ ml and failed to detect some cases at the higher bacterial concentrations, even at > 109 bacteria/ml.
The sensitivities of the SRN and Microstix tests were also compared in an experimental system, as described above. asing amounts of an abnormally high concentration of urobilinogen, at even concentra-or a high concentration of ascorbic acid, has been could not be dis-reported to interfere with the Microstix14 26 27 or ;he pinkish orange other nitrite tests,22 we examined the effect of these nples was almost factors on the SRN test. In nitrite-free urine specige colour of the mens with abnormally high urobilinogen concentrathreshold level of tion (4-12 mg/dl), bilirubin, macroscopic haematuria, ;e samples was 0-1 or ascorbic acid (10-100 mg/dl) the detection limit of the SRN test was not affected and remained 0-1 )f blood, bilirubin, ppm of nitrite.
The effect of pH of the urine on both nitrite tests was also determined (Fig. 1) . It was found that the sensitivity of the SRN test was not affected by the pH of the urine, for both dark and light urine samples. On the other hand, the sensitivity of the Microstix test decreased significantly as the pH of the urine increased. Furthermore, for the Microstix test, interference of pH appears to be potentiated by the colour of the urine, the influence of the pH being greater in the darker samples.
In bacteriuric specimens is presented in Fig. 2 Fig. 3 . In addition, the values of nitrate plus nitrite are given, since this combined figure provides an indication of the initial concentration of nitrate before its reduction to nitrite.
It can be seen that in urine specimens with 105 to 106 bacteria/ml the frequency distribution of nitrate values appears to be almost identical to that of nitrate and nitrite values (Fig. 3a, b) . Indeed, in these specimens, only a small part of the urinary nitrate was reduced, as expressed by the production of 0-2 to 5 ppm of nitrites (Fig. 2) . In urine specimens with higher bacterial concentrations more nitrate is reduced to nitrite (Fig. 3 c-f ). This trend is parecularly evident for samples with a bacterial concentration of > 107/ml, in which the nitrate is largely or even completely consumed in most cases. 
some authors, as a means of improving the sensitivity of the tests.16 31 16 21 32 has also been reported for tests on urine samples about which clear data (on retention time in the bladder) were not supplied. The fact that the SRN test obviates the need for first-morning urine samples is of great practical importance in screening for bacteriuria. The necessity for long retention times of the urine in the bladder is not convenient for large populations at risk for bacteriuria, such as children, pregnant women, or patients who suffer from incontinence, or for patients visiting a general practitioner.
The higher reliability of the SRN test as compared with the Microstix test can be understood in the light of its higher sensitivity (Table 4) . Furthermore, the reliability of the SRN test was not affected by various factors which do interfere with the Microstix test, such as the colour of the urine (Table 4) , high urinary pH (Fig. 3) , or the presence of phenazopyridine, bilirubin, blood, or ascorbic acid12 14 26 or by a combination of these factors. At all times, the detection ability of the SRN test remained unchanged.
The current assumption that a concentration of bacteria as high as > 106/ml would provide the nitrite tests with adequate accuracy30 32 33 is not borne out by our study. We did not find that 106 bacteria/ml was the minimal effective concentration for the Microstix test, since even at higher bacterial concentrations (up to 109 bacteria/ml) the test "missed" some of the bacteriuric cases (Table 3) . This may result from an insufficient accumulation of nitrite in these randomly-collected urine specimens or from the presence in the urine of factors which interfere with the sensitivity of the test. In contrast, the SRN test was sufficiently sensitive to reveal bacteriuria in the majority of samples with 105 bacteria/ml and in all of the specimens with higher bacterial concentrations (Table 3) .
The limited sensitivity of the SRN test in the bacterial specimens containing 105 bacteria/ml may be understood in the light of our results in an experimental system (data to be published). In this in vitro system, E coli B was grown on Luria broth35 under anaerobic conditions which facilitate the activation of the bacterial nitrate reductase. Similarly, in the bladder, this bacterial system is probably activated by the low oxygen tension of the urine.36 In the model system, for an initial concentration of 105 bacteria/ ml, a minimal incubation period of 45 min was required to obtain 0 2 to 0 4 ppm of nitrite, detectable by the SRN test. For higher bacterial concentrations ( 106/ml), however, a much shorter incubation time is required for producing detectable concentrations of nitrite, since after 15 min of incubation the concentration of nitrite was far higher than the detection limit of the test.
Thus, it appears that for random bacteriuric specimens containing 10 bacteria/ml retention in the bladder of less than 45 min might constitute a limit to the sensitivity of the SRN test. Nevertheless, for random specimens with higher bacterial concentrations the retention time in the bladder between two urinations can be much shorter without impairing the reliability of the test. It has been stressed elsewhere that for reliable results with the nitrite tests, a high concentration of nitrate in the urine is necessary."13033 The SRN test, however, obviates this need. Urinary nitrate concentration cannot be a limiting factor for the SRN test, if it is used as a qualitative technique for detecting bacteriuria. Even the lowest nitrate concentrations encountered in our study were sufficient to produce nitrite concentrations far above the sensitivity threshold of the SRN test, namely 0-1 ppm. In only two of the 158 bacteriuric cases in our study was there no nitrite formation, possibly as a result of the complete absence of nitrate from the urine (Fig. 3a, b) .
The possibility of using the SRN test as a quantitative technique was also examined. Our results showed good correlation between nitrite concentration and the size of bacterial population for the range of 105 to 107 bacteria/ml, although there was a measure of scattering and overlapping of the nitrite values (Fig. 2) . For the higher range of bacterial concentration (> 107 bacteria/ml), the correlation between the two variants was poor. The lack of exact correlation may reflect at least two non-controllable factors in this random system: (a) varying retention times of the urine in the bladders of patients from whom the specimens were collected (b) varying urinary nitrate concentrations, which depend largely on the intake of nitrate-containing foods. 
